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INTRODUCTION 
Gram positive, club shaped, pleomorphic bacilli with or 
without catal_ase activity are frequently isolated from abcessed 
clinical materials (Smith and Bodily, 1968) . These organisms may 
be aerobic to microaerophilic to anaerobic (Wilson and Miles, 1964) 
and are usually regarded as �iphtheroids. 
Diphtheroids have been defined by Burdon (1958) as members of 
the genus Corynebacterium other than the diphtheria bacillus . 
Burrows et al . ·  (19 63) state that di·phtheroids are "microorganisms 
morphologically similar to and frequently indistinguishable from 
the diphtheria bacillus." Biever (1967) included as diphtheroids 
1 
all of the organisms morphologically similar to the genus Actinomyces. 
Smith et al . (1964) stated that "it is impossible at present to 
do more than indicate that the diphtheroid bacilli are a large, 
heterogeneous group, held together by morphological and superficial 
culture similarities." 
There are a considerable number of bacteria which can either 
be confused with or could be genera into which the anaerobic 
diphtheroids could be placed if positively identified. Members of 
the genera Actinomyces, Corynebacterium, and Ramibacterium resemble 
the anaerobic diphtheroids based on morphology and physiology 
(Holdeman et al . ,  1967; Roberts, 1968; Smith and Bodily, 1968) . 
Preliminary studies by Biever (19 67) indicated that a group of 
anaerobic diphtheroids isolated from lesions in livers, jowls, and 
2 
udders of swine and livers of cattle were members of the genera 
Corynebacterium and Actinomyces. King and Meyer (1957) found it 
difficult to separate the anaerobic diphtheroids from the Actinomyces 
group. They confirmed Suter's (1956) observation that the catalase 
test was helpful in separating these morphologically similar 
organisms. tt should be pointed out that it has been recently 
reported (King, 1966; Hermann, 1961) that C. hemolyticum and f_. 
pyogenes are catalase negative and that the genus Actinomyces is 
now considered to contain both catalase positive and negative 
species (Robertstad, 1968). These reports raise considerable 
doubt as to the validity of the catalase test for genus differentia-
tion. 
Wilson and Miles (1964) described the genera Actinomyces and 
Corynebacterium as follows: 
Actinomyces - Organisms growing in the form of rnycelium which 
breaks up into rods of unequal length. Rods may be slightly 
clubbed at one end, and in their arrangement may show angular 
branching. No aerial hyphae produced. Non-motile, Gram 
positive, non-acid-fast, microaerophilic or anaerobic. 
Parasitic and potentially· pathogenic in man and animals. 
Type species Actinomyces bovis Harz. 
Corynebacterium - Gram positive rod-like forms, arranged 
usually in a palisade. Not acid-fast. Often with club-shaped 
swellings at the poles, generally with irregularly staining 
segments or granules. Non-motile, non-sporing. Growing 
aerobically or under microaerophilic conditions, but often 
capable of anaerobic cultivation. Never forming gas in 
carbohydrate media, in which they may or may not produce 
acidity. They may or may not liquefy gelatin or serum. Some 
species· produce a powerful exotoxin. 
Breed et al. (19 57) in Bergey's Manual of Determinative 
Bacteriology described the genus Rarnibacteriurn as follows: 
Ramibacterium - Straight or curved rods which show so-called 
false branching. Non-motile . Gram�positive . Carbohydrates 
are attacked, the end-products of fermentation including some 
of the following: formic, acetic, propionic, butyric, lactic 
and valerianic acids. Anaerobic. May be pathogenic . Found 
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in the intestinal tracts and in lesions of warm-blooded animals, 
especially man. 
It can be concluded from the above descriptions that 
differentiating organisms in these genera on the basis of morphology, 
Gram reaction, and physiology is impossible. Variations in oxygen 
requirements and fermentation reactions within genus and species 
add to the problem. Grasser (1962.:9 pointed out that there are ·large 
variations in the fermentative properties of the various species of 
Actinomyces even in strains of morphologically and serologically 
identical groups. Roberts (1968) reported that 100 strains of 
£ .  pyogenes isolated from cattle, hogs, and sheep differed 
considerably in their fermentaSion reactions with carbohydrates. 
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B iever (1967) recently isolated 65 anaerobic d iphtheroi_ds from 
disease processes in hogs_ and cattle. The soluble antigens of these 
diphtheroids were tested against the antisera o� 11 know� species 
and 8 selected isolates using the Ouchterlony gel-d iffusion technique. 
F1:om this information the 65 unknown anaerobic d iphtheroids were 
d ivided into 5 ant igenic groups. 
Group I - included seven isolates which were serologically 
d istinct from the other isolates and b iochemically 
sim ilar to A. suis. 
Group II - included 42 organisms biochemically characteristic 
of _g_. pyogenes. 
Group III - included three organisms wh ich were antigenically 
similar but biochemically d ifferent from 
A· odontolyticus. 
Group IV - included three organisms biochemically sim ilar to 
A. suis but cross reacted with known Actinomyces 
species ·and with some organisms in Groups I, II, 
and III. 
Group V - included ten organisms which d id not react with any 
of the antisera. 
The ma in objective of this study is to identify the isolates 
included in_ Biever's Groups I, III, and IV, and two members of 
Group V by biochemical reactions and antigenic relat ionships using 
more extensive serological procedures� 
5 
LITERATURE REVIEW 
Families within the order Actinomycetales and genera within 
the family Actinomycetaceae are listed in the 7th Edition of Bergey's 
Manual of Determinative Bacteriology (Breed et al. , 1957) as follows: 
'Key to the families of order Actinomycetales 
I. Mycelium rudimentary or absent; no spores formed. 
II. A true mycelium produced. 
Family I. Mycobacteriaceae 
A. Spores formed, but not in sporangia. 
-1. Spores formed by fragmentation of the mycelium. 
Family II. Actinomycetaceae 
2. Vegetative mycelium_ normally remains undivided. 
family III. Streptomycetaceae 
B. Spores formed in sporangia. 
Family IV. Actinoplanaceae 
Key to the genera of family Actinomycetaceae 
I. Obligately aerobic. The colonies are bacteria-like in 
nature, smooth, rough or folded, of a soft to a dough­
like consistency, sometimes compact and leathery in 
young stages. Most forms do not produce any aerial 
mycelium; a few produce a limited mycelium, the branches 
of which als_o· break up into oidospores or segmentation 
spores. Some species are partially acid-fast. 
Genus I. Nocardia 
II. Anaerobic or microaerophilic; parasitic; non-acid-fast, 
non-proteolytic and non-diastatic. 
Genus II. Actinomyces 
The term actinomycete appears frequently in the literature and 
at times its use is ambiguous and confusing. Jones (1946) used the 
term to refer to aerobic saprophytes in the soil which were probably 
members of the genus Streptomyces. Lechevap_er· et al. (1966) 
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differentiated between an_aerobic actinomycetes (members of the genus 
Actinomyces) and anaerobic actinomycetes which included the genera 
Mycobacterium, Actinoplanes, Nocardia, and Streptomyces. Hesseltine 
(1960) used the term actinomycete interchangeably with the order 
Actinomycetales. In this study, the term actinomycete will refer 
to those orga·nisms which are included in the genus Actinomyces. 
Bollinger (1877) demonstrated an organism in the lesions of 
cattle suffering from a peculiar condition of the tongue and jaw 
and suggested that the organism was the specific agent of the 
disease. The isolate was studied by Har� (1877) who described it 
and named it A. bovis. Wolff and Israel (1891) cultured an organism 
from a human infection which was also designated!· bovis. 
Isolates from cases of bovine and human actinomycosis were 
compared cultuially, physiologically, and serologically by Erikson 
(1940) who found sufficient differences to justify species 
differentiation. The organisms associated with human actinomycosis 
were named A. israelii while thos� associated with the bovine form 
were designated!· bovis. 
A. israelii does not appear to be entirely host specific as 
Pine et al. - (1960) reported this organism in bovine actinomycosis 
and Grasser (1962b) implicated an organism he conside�ed a species 
variant of A. israelii in swine actinomycosis. It also can be 
present in humans without any apparent infection as it has been 
isolated from the oral cavity (Garrod, 1952; Howell et al. , 1962). 
Emmons (1936, 1938) reported isolating A. bovis from healthy tonsils 
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of humans. It should be noted, however, that he did not differentiate 
between A. bovis and A. israelii and as a matter of conjecture, his 
organism was most likely A· israelii. 
Thompson and Lovestedt (19 51) described a fast growing, catalase 
negative, facultative actinomycete isolated from normal human mouths 
and proposed ·a new species, A. naeslundii. This work was reviewed 
and substantiated by Howell et- al. (1959) who recommended that A. 
naeslundii be accepted as the proper scientific name for fast 
growing, saprophytic and facultative species of Actinomyces. 
Negroni (19 37) extensively studied an organism from a dental 
lesion which was similar to one that Gruter had isolated from 
lacrimal secretions whose morphological and physiological properties 
·were different from any of the pathogenic species known at the time. 
Because it formed discoid colonies in agar deeps, it was named 
A. discofoliatus. Another new species, A· odontolyticus, was 
described by Batty (19 58). This actinomycete was isolated only from 
advanced cavities in hu�an dental caries and differed from previously 
described species by its greater oxygen tolerance and production of 
a red pigment. 
Grasser (1962b), working in East Germany, is.olated 17 micro­
aerophilic species of Actinomyces from 11 granule containing 
actinomycetomas of swine udders. Six strains were considered to be 
species variants of A· israelii while the other 11 isolates differed 
from known species and because of their specificity for swine were 
designated A. suis. In subsequent work, Grasser (1962a)found 
A. suis to be serologically distinguishable from A. israelii and 
A. bovis. He also found that this isolate possessed certain 
characteristic fermentative properties. Biever (19 67) ,  in this 
laboratory, found!· suis-like organisms from abcesses of swine 
udders, swine jowls, and beef livers that were identical in their 
biochemical reactions with those described by Grasser. 
Pine and Hardin (1959) described an anaerobic species of 
Actinomyces isolated from a case of human lacrimal canaliculitis 
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and designated it!· israelii. Buchanan and Pine (1962) studied 
this organism extensively and found it differed significantly from 
A. israelii in physiology and cell wall composition. In view of the 
fact that this organism produced propionic acid from glucose, 
Buchanan and Pine proposed that it be named!· propionicus . 
Howell (1963) described the morphological and biochemical 
properties of a filamentous organism isolated from gingival plaques 
of hamsters with spontaneous peridontal disease. Howell et al. (1965) 
proposed that it be the type species of a new genus, Odontomyces, in 
the family Actinomycetaceae. The proposed type species was 
Odontomyces viscosus. 
Pine and Georg (1965) reviewed the taxonomic and phylogenetic 
relationships of the members of the order Actinomycetales. It was 
recorrrrnended that Lactobacillus bifidus type II (�. parabifidus) 
be renamed 12_. parabifidus on the basis of morphological and 
biochemical similarities. 
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Georg et al . (1965) proposed a new species,�- eriksonii, for a 
group of organisms isolated from lesions in man that morphologically 
resembled A. bovis but differed physiologically, serologically and 
in cell wall composition from other actinomycetes. There were no 
characteristic "sulphur" granules in the tissues normally noted in 
actinomycotic• lesions . 
Some of the earlier serological investigations were concerned 
with demonstrating the--probable relationship between the actinomycetes 
and the tubercle bacillus using the agglutination reaction {Slack 
et al . ,  1951). Goyal (1938) used the complement fixation test to 
show the presence of connnon antigens b�_tween species of Actinomyces 
and the tubercle bacilli. Then Erikson, in her classic paper (1940), 
showed by means of the agglutination test that the microaerophilic 
strains of Actinomyces derived from human pathological processes 
fell into a homogeneous serological group which did not cross 
react with those from bovine sources . 
Slack et al . (1951). ·prepared antisera with actinomycetes 
obtained from human, bovine, porcine, and equine cases of 
actinomycosis as well as from healthy tonsils of individuals without 
actinomycosis . Various media w·ere used for the growing of cells to 
be used as antigens . It was found that medium containing agar was 
unacceptable as the agar was antigenic. A non-antigenic peptone 
dialyzate-thioglycollate medium was devised to suit this purpose. 
Agglutination tests were performed with homologo_us and heterologous 
antigens with the results indicating that these microorganisms 
contained a connnon antigen. Agglutination tests were also done 
with antigens prepared from species of Nocardia and Streptomyces. 
Positive low titer agglutination was observed in most instances 
which may have suggested the presence of common group antigens. 
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Slack et al. (1961) later established four serological groupings 
(A, B, C, D)  within the genus Actinomyces using fluorescent antibody 
techniques. The isolates were obtained from patients and animals 
with actinomycosis and from healthy human beings. There was no 
correlation between the source of the isolate and the serological 
group and no particular species could be placed exclusively in any 
one group. Seventeen anaerobic diphtheroids and seven isolates of 
Corynebacterium acnes were placed in Group A and one anaerobic 
diphtheroid placed in each of Groups B and D. It was suggested that 
these organisms be placed in the genus Actinomyces on the strength 
of these results. 
Because the conclusions of this investigation were inconsistent 
with current knowledge of the taxonomy of the Actinomyces spp. , 
Slack and Gerencser (1966) subsequently re-evaluated the serological 
groupings of Slack et al. (1961). The following changes in the 
serological groups were proposed based upon fluorescent antibody 
and agar-gel diffusion methods: 
Group A - A. naeslundii 
Group B A. bovis 
Group C - A. eriksonii 
Group D - A. israelii 
11 
The anaerobic diphtheroids and C. acnes were not included in this 
grouping although some serological relationships were shown to exist 
between the Actinomyces spp. and _g_. acnes with the agar-gel diffusion 
test but not·with the fluorescent antibody method. Antigens from 
A. naeslundii, A. bovis and A: israelii reacted with the antiserum 
of C. acnes. 
Agar double diffusion precipitin techniques were developed 
independently in 1948 by Ouchterlony in Sweden and Elek in England 
(Crowle, 1961). A modification of this procedure has been applied 
by a number of workers as an aid in identifying species of 
Actinomyces. King and Meyer (1963) used this method to demonstrate 
that there were some serological relationships among known species 
of Actinomyces _ but none between the anaerobic diphtheroids and 
Actinomyces spp. Georg et al. (1965) found that five isolates of 
A. eriksonii were sero�rigically distinct from A· israelii, A· bovis, 
A. naeslundii, and A· propionicus. Lambert et al. (1967) compared 
the fluorescent antibody and the agar-gel diffusion tests and found 
general agreement in the results of the two. The fluorescent 
antibody test appeared to be more specific as several cross reactions 
were noted with the agar-gel diffusion test while none were observed 
with the fluorescent antibody technique. 
12 
MATERIALS AND METHODS 
Sources of Organisms 
The organisms used in these experiments and their sources are 
listed in Tables 1 and 2. Efforts to obtain subcultures of A. suis 
from Grasser were unsuccessful thereby making it impossible to make 
direct morphological, physiol�gical and serological comparisons. 
The unknown diphtheroids were isolated in this laboratory (Biever, 
1967) from abcesses of beef and swine at the Armour and Co. slaughter­
house in Huron, - South Dakota. 
Biochemical Tests 
Catalase production. Duplicate slants of BHI agar were 
inoculated with the test organisms and incubated anaerobically at 
37° C. Catalase production was determined at intervals of 7 and 14 
days by the following methods: 
1. Several drops of 3% H202 were added directly to the growth 
of the BHI agar slant with the active evolution of bubbles 
being considered a positive test. A BHI agar slant of 
Staphylococcus pyogenes was used as a positive control and 
an uninoculated BHI agar slant used as a negative control. 
2.  A loopful of the test culture grown anaerobically at 37° C 
on a BHI agar slant was removed, mixed with one drop of 3% 
H202, and overlaid with a coverslip. The active evolution 
of gas bubbles was considered to be po�itive for the 
Table 1. Sources of Reference Organisms 
Organisms · S Designation 
Actinomyces naeslundii 
Actinomyces eriksonii 
Actinomyces parabifidus 
Actinomyces odontolyticus 
Actinomyces bovis 
Actinomyces propionicus 
Actinomyces israelii 
Actinomyces discofoliatus 
Odonotomyces viscosus 
Ramibacterium pleuriticum 
Corynebacterium pyogenes 
Corynebacterium acnes 
Corynebacterium hemolyticum 
ATCC 
ATCC 
ATCC 
ATCC 
ATCC 
ATCC 
12 lOl� 
15423 
17930 
17929 
13683 
14157 
W-855 
W-859 
W-828 
W-765 
W-972 
X-424 
W-967 
1 
2 
American Type Culture Collection, Rockville, Md. 
National Communicable Disease Center, - Atlanta, Ga. 
'116Q3G SOUTH DAKOTA STATE UNr E TY LIBRARY. 
ATCC1 
ATCC 
ATCC 
ATCC 
ATCC 
ATCC 
NCDC2 
NCDC 
NCDC 
NCDC 
NCDC 
NCDC 
NCDC 
13 
14 
Table 2. Clinical Sources of Anaerobic Diphtheroids 
Culture Designation Source 
130 Beef Liver 
217 Beef liver 
221 Beef liver 
288 Beef liver 
24 Swine jowl 
179 Swine jowl 
279 Swine jowl 
144 Swine liver 
97 Swine udder 
1 66 Swine udder 
168 S-wine udder 
230 Swine udder 
303 Swine udder 
327 Swine udder 
333 Swine udder 
production of catalase. A BHI agar slant of�- pyogenes 
was used as a positive control with H2 02, slides, and 
coverslips used as negative controls. 
In both procedures, pure cultures were verified by Gram stains. 
1 5 
Fermentation reactions. The basal medium for the fermentation 
tests consisted of thioglycollate broth (without dextrose or 
indicator) with two gm of yeast extract and one ml of a 1% solution 
of bromthymol blue added per liter. Eight ml portions of this basal 
medium were dispensed into 1 5 x 1 2 5  rrnn screw-cap tubes, Durham tubes 
added, and the medium sterilized at 12 1° C and 1 5 psi for 1 5 minutes. 
To each tube was added 0. 5 ml of a 10% aqueous solution of the 
desired carbon sources filter sterilized with 0.22JL pore-sized. 
Millipore 1 filters. 
The test organisms were inoculated into thioglycollate broth 
with 1. 5 gm of trypticase soy broth and 1. 2 5  gm of tryptose broth 
added per liter (TTST medium) and incubated anaerobically for five 
days at 37° C. Four drops of the growth in this medium from a 
Pasteur pipette were used as an inoculum. Uninoculated tubes of 
the fermentation medium served as controls and the purity of the 
seed cultures was determined by Gram stains. 
The inoculated tubes were observed at 7 and 14 days for the 
production of ac�d and gas. Acid production was determined by a 
medium color change of green to yellow and gas production was 
observed as bubbles in the Durham tubes. 
l . Millipore Filter Corp. , Bedford, Mass. 
16 
If, at the end of 1 4 days, the acid color change was question­
able, the tubes were checked with a pH meter using the method of 
Georg et al. (1964). A drop in pH of less than 0. 49 pH units was 
considered to be a negative reaction, a drop of 0. 5 to 0. 9 pH units 
a plus-minus (�) reaction, and a drop of one or more pH units a 
positive reaction. These changes in pH were all compared with the 
pH values of the control tubes . 
Serology 
Preparation of dried soluble antigens. Soluble antigens were 
prepared from the organisms listed in Tables 1 and 2 by the following 
procedure of King and Meyer (1963): 
1 
1) The organisms were inoculated into six screw-capped water 
dilution bottles each containing 100 ml of Actinomyces 
maintenance (AM) broth (Ajello et al. , 1963) 1 enriched with 
0. 05% sodium thioglycollate and 0.25 ml of sterile rabbit 
serum. 
2) The organisms were incubated at 37° C £cir ten days. 
Five-tenths ml of fonnalin was added to each bottle and 
. allowed to stand overnight. 
3) Gram stains were made of the contents of ea�h bottle to 
check for purity. 
4) Th� cells were separated from the broth by centrifugation 
at 3500 rpm for 30 minutes and stored for future use. 
BBL, Division of BioQuest, Cp�keysville, Md. 
17 
5) The supernate was chilled to 5° C in an ice bath and 
agitated with a magnetic stirrer while two volumes of cold 
acetone (5° C) were added drop by drop. 
6) The resultant precipitate was allowed to settle overnight 
after which the supernate was decanted and the precipitate 
washed four times with small quantities of cold acetone. 
After the last addition of acetone, the mixture was 
allowed to stand in the refrigerator for several hours 
before the acetone was decanted. 
7) The precipitate was transferred to a 100 ml beaker and 
placed in a desiccator over silica gel under a partial 
vacuum of 30 mm of mercury and allowed to stand for 2 4 
hours. This procedure had to be repeated for sever�l days 
before dehydration could be accomplished. 
8) The dried ant igens were scraped from the beakers and placed 
in loosely capped vials and stored in a desiccator over 
silica gel. 
9) When needed for study, the antigens were rehydrated by 
preparing desired dilut ions in distilled water which 
contained a 1:10, 000 concentration of merthiolate. 
After repeated attempts, two organisms (unknown d iphtheroid 97 
and Corynebacterium hemolyticum) could not be grown on AM broth plus 
0. 05% sodium thioglycollate and sterile rabbit serum. Thioglycollate 
broth1 with dextrose but· without agar or indicator was substituted 
and after good growth had been obtained, the remainder of the 
procedure outlined above was followed. 
Antigen iitration. The soluble antigens were diluted with 
merthiolated distilled water (1:10,000) as follows: 
1:2 
1:4 
1:6 
1:8 
1 :10 
1:12 
1:16 
1:20 
1:24 
1:32 
18 
The soluble antigens were reacted with their homologous antisera by 
the agar-gel diffusion method and observed. The optimum titer was 
considered to be the one giving the sharpest precipitation line. If 
any of the soluble antigens gave a sharp precipitation line at a 
titer of 1: 32, further titrations were carried out to ensure· that an 
optimum titer had been obtained. 
Preparation of antisera. Antisera were prepared against the 
organisms listed in Table 2 using methods based on those of Lambert 
et al. (1967). 
1 
2 
1) Formalinized cells separated in the antigen preparation 
(Step 4, page 16) were washed three times in saline and 
suspended in ten ml of saline containing merthiolate2 at a 
concentration of 1:10,000. 
BBL, Division of BioQuest, Cockeysville, Md. 
Eli Lilly and Co. , Indianapolis, Ind. 
1 
2 
19 
2 ) The suspensions were homogenized with a Branson Sonifier1 
for one minute using a microtip and a power output setting 
of 3. 
3) The homogenized suspensions were examined under a microscope 
which revealed disruption of cell clumps but little or no 
breakage of cells. 
4) The stock cell suspensions were adjusted with merthiolated 
saline to an OD reading of 0. 8 at 820 mJJ, using a Spec tronic 
20.
2 
This approximated the density of a No. 5 McFarland 
nephelometer tube. 
5) Serum specimens were obtained from female albino rabbits by 
ear bleeding prior to immunization. Two rabbits were 
injected intravenously with each cell suspension according 
to the following schedule: 
Mon. , Wed. , Fri. 
Mon. 
Wed. 
Fri . 
First 3 weeks 
Fourth week 
Fourth week 
Fourth week 
0. 5 ml 
1 . 0 ml 
1. 5 ml 
2. 0 ml 
6) The rabbits were test bled from the marginal ear vein one 
·week after the last injection, the serum separated from the 
clot, and the Oakley-Fulthorpe precipitation technique 
(Oakley and Fulthorpe, 1953) performed. Those whose serum 
Branson Instruments, Inc. , Danbury, Conn. 
Bausch & Lomb Optical Co., Rochester 2, New York. 
gave a positive reaction with their homologous antigen 
were exsanguinated. 
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7) The injection protocol for the fourth week was repeated 
with the rabbits whose test serum gave a negat ive reaction 
with the Oakley-Fulthorpe technique . These rabbits were 
exsanguinated one week after the injection. 
Oakley-Fulthorpe precipit{n technique. This technique was 
performed on the sera from test bleedings of the innnunized rabbits 
against their homologous antigens. Pre-innnunization sera of the same 
rabbits against the same antigen served as negative controls . 
1) Ten ml of 1.2% Noble agar in saline containing a 1:5, 000 
concentration of merthiolate was kept liquefied in a 45° C 
water bath. 
2) Antiserum was added to an equal volume of 1 . 2% melted agar 
giving an antiserum concentration of 1:2 and a 1�10, 000 
final merthiolate concentration. 
3) Approximately 0�33 ml of this agar-antiserum mixture was 
dispensed into Durham tubes with a Pasteur pipette. 
4) When this had solidified, 0. 6% Noble agar with a final 
�erthiolate concentration of 1:10, 000 was overlaid on the 
agar-antiserun1 mixture to a depth of six mm. 
5) A 1:5 distilled water dilution of the desired antigen was 
layered over the 0 . 6% Noble agar to a depth of eight mm. 
6) The tubes were placed in a water saturated atmosphere and 
incubated at room tempe�ature . 
Agar-gel diffusion method. The technique of Ouchterlony 
(Crowle, 1961) as modified by Schubert et al. (1961) was used in 
this study. 
1) The agar was prepared according to the follo�ing formula: 
9. 0 gm sodium chloride 
9. 0 gm Noble agar 
4. 0 gm sodium citrate 
1000 ml distilled water 
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2) After this mixture was autoclaved for ten minutes to liquefy 
the agar, 2. 5  ml of phenol were added. 
3) Ten ml quantities were dispensed into disposable plastic 
petri dishes and allowed to solidify. Stainless steel 
cylinders were placed on the surface of the solidified agar 
with one cylinder surrounded by six cylinders four mm from 
the central cylinder and an equal distance apart. 
4) Fifteen ml of the Noble agar were added to the petri dishes 
and allowed to· solidify. The steel cylinders were removed 
by an upward, twisting movement leaving a pattern of wells. 
The center well was charged with undiluted antiserum with a· 
diluted soluble antigen in each of the peripheral wells. A 
homologous antigen to the antiserum was included in each petri dish 
to serve as a positive control. Plates were placed in a moist 
chamber stored at room temperature. 
RESULTS AND DISCUSSIONS 
This investigation was concerned with a biochemical and 
serological comparison between some unknown diphtheroids isolated 
by Biever (1967) from cattle and swine and reference organisms in 
the genera Actinomyces, Corynebacterium, and Ramibacterium. The 
object of this comparison was tQ identify the unknown diphtheroids. 
The results of this study are summarized in Tables 3-6. 
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Table 3 contains the results of the catalase test of the unknown 
diphtheroids and reference organisms. Results show variable catalase 
reactions within the Actinomyces spp. It has been generally accepted 
that the Actinornyces spp. are catalase negative, but recent information 
(Robertstad, 1968) suggests that both catalase positive and negative 
species are contained in the genus Actinomyces. 
Table 4 lists the fermentation reactions of the reference 
organisms and the reactions of Actinomyces suis as rep.orted by 
Grasser (1962a). It should be reemphasized that subcultures of A. 
suis were not available for direct morphological, biochemical, and 
serological comparisons; therefore, the published data of Grasser 
was incorporated into Table 4 as a reference. 
The fermentation reactions of the unknown diphthe.roids are given 
in Table 5. 
Table 6 lists the antigenic relationships of the reference 
organisms and the unknown diphtheroids determined by the agar-gel 
diffusion technique of Ouchterlony (Crowle, 1961) as modified by 
Table 3. Catalase Reactions of Reference Organisms and Unknown 
Diphtheroids 
Organism Results 
A· :Qro2ionicus 0 
A· bovis 0 
A .. naeslundii 0 
�. odontol2ticus + 
A. discofoliatus + 
A. Earabifidus + 
A. israelii 0 
A. eriksonii 0 
0 .  viscosus + 
R. Eleuriticum 0 
C. pyogenes 0 
C. hemolyticum 0 
C. acnes + 
230 0 
24 0 
144 + 
333 0 
179 0 
166 + 
221 + 
288 + 
168 + 
217 + 
303 + 
327 o_ 
279 + 
130 0 
97 0 
+ = catalase produced; 0 � no catalase produced 
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Table 4. Fermentation Reactions of Reference Organisms 
Cl) 
Cl) CJ Cl) .µ 9 •rl ::, •rl :::, ctl 
•rl •ri 'O .µ CJ ·rl CJ 
'O •.-I •ri •14 •ri ,-{ Cl) 
I 
•ri •.-I c •ri � ,-{ c 0 ::, .µ 
0 ,-{ ·rl 0 0 � (/) •ri 
Cl) (l) rD .µ Cl) •14 0 0 r--1 (/) H ,-{ 
Cl) � (1j ctl p '14 CJ CJ 0 (l) ::I -� 1 (l) . •rl H H 0 ? 0 (/) (/) s c H Cl) ctl 'O 0 H •rl '14 (l) CJ (l) •ri 0 rD 'O ? ..c: ctl 
<I  < I  < I  <I  < I  < I  < I  < I  o l  0 1  0 1  c.>I  �, <I  
Adonitol 0 0 0 A A 0 A 0 0 0 0 0 0 A {70%) 
Alpha-methyl 
d-glucoside (A) A 0 A o_ (A) 0 0 0 0 0 0 0 
Arabinose 0 A 0 0 0 A A 0 A A 0 0 0 A {90%) 
Cellobiose 0 A A 0 0 0 0 0 0 0 0 0 0 
Dextrin A A A 0 0 A (A) 0 A 0 0 0 0 
Dulcitol 0 0 0 0 0 0 0 0 0 0 0 0 0 A {l0%) 
i-Erythritol 0 0 0 A A 0 0 0 0 0 0 0 0 
Fructose A A A A A A (A) A A 0 0 A A/G - -
Galactose A A A A A A A A A 0 0 0 0 A 
Glucose A A A A A A A A A A 0 A A/G A 
Glycerol (A)  0 0 A A 0 (A) A (A) 0 0 0 0 A (70%) 
Glycogen 0 A 0 0 0 A 0 0 0 0 0 0 0 
i-Inositol A 0 A 0 A 0 0 0 (A) 0 0 0 0 
Inulin A A (A) 0 0 0 (A) 0 A 0 0 (A)  0 A (90%) 
Lactic acid 0 0 0 0 0 0 A 0 0 0 0 0 0 
Lactose A A A 0 0 (A) A A A A 0 A 0 A 
Maltose A A A 0 0 A A A A 0 0 (A) 0 A 
Mannitol 0 A A A (A) 0 · A A (A) 0 0 0 A/G A (50%) 
Mannose A A A A A 0 A A A 0 0 (A) 0 
Melibiose A A A 0 0 0 0 0 A 0 0 (A) 0 
Melizitose (A) 0 (A) 0 0 0 0 0 0 0 0 0 0 
Raffinose A A A . 0 0 0 A 0 A 0 0 0 0 A 
Rhamnose A 0 (A) . 0 0 0 0 0 0 0 0 0 0 A (50%) 
Ribose 0 A A A A 0 0 A A A (A)  A 0 
Salicin A A A 0 0 0 0 0 0 0 0 0 0 A 
Sodium acetate(A) 0 0 0 0 0 0 0 0 0 0 {A) 0 
Sodium 
pyruvate (A) 0 (A) 0 0 0 (A) 0 0 . 0 0 A 0 
Soluble potato 
st.arch A A A 0 0 (A) 0 (A) A (A) 0 (A) 0 A 
Sorbitol (A) 0 0 A A 0 A A A 0 0 0 A/G  A (20%) 
Sorbose 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sucrose A A A 0 0 A A A A 0 0 0 0 A (90%) 
Trehalose A A A A 0 0 A 0 (A) (A) 0 (A) 0 A 
Xylose 0 A A 0 0 0 0 0 0 0 0 0 0 A 
A =  ac id ; (A) = weakly acid ; A/G  = acid and gas ; 0 = no reaction ; 
- - = no results available  
!Results from a publicat ion by Greisser ( 1962a) . Percentage from ten 
isol�tes . 
, 
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Tab le 5 .  Fermentation Reactions of Unknown Diphtheroids 
230 24 144 333 1 79  166 22 1 288 168 217 303 327  279 130 97 
Adonito l A A A 0 A A A A A A A A 0 A A 
Alph -methyl 0 (A) 0 A A 0 0 0 0 0 0 0 0 0 0 
d - glucoside 
Arabinose A A A A A 0 0 0 0 0 0 0 0 A 0 
Ce l lob iose A A A A A 0 0 0 0 0 0 0 (A) 0 0 
Dextrin A A A · (A) A 0 0 0 0 0 0 A 0 A A 
Dulcito l 6 0 0 0 0 0 0 0 0 0 o . 0 0 0 0 
i -Erythrito l (A) A A (A) A - A 0 A A 0 0 A (A) A A 
Fructose  A A A A A A A A A A A A A A A 
Galactose A A A (A) A A A A A A 0 A A A A 
Glucose A A A A A A A A A A A A A A A 
Glycerol A (A) (A)  (A) A A A A A (A ) A A A A A 
Glycogen 0 (A) 0 (A) (A) 0 0 0 0 0 0 A (A) 0 A 
i - Inosito l 0 0 A (A) 0 0 0 0 0 A 0 A (A )  0 A 
lnulin (A) (A) 0 0 0 0 0 Q . 0 0 0 0 0 0 0 
Lactic acid 0 0 (A) (A) 0 0 0 0 0 0 0 0 0 0 0 
Lactose A A (A) (A) A 0 0 0 0 0 0 A A 0 (A) 
Maltose A A A A A 0 0 0 0 0 0 A A A A 
Mannitol 0 (A )  A (A) 0 A A 0 A A A A A 0 0 
Mannose A A A (A) A A A A A A A A A A A 
Me libiose (A) (A) A (A) (A) 0 0 0 0 0 0 0 0 0 0 
Mel{zitose 0 (A)  0 (A ) 0 0 0 0 0 0 0 A 0 A A 
Raffinose (A) (A)  0 (A) 0 0 0 0 0 0 0 0 0 0 0 
Rhamnose 0 (A )  0 0 A 0 0 0 0 0 0 0 0 0 0 
Ribose A A A 0 A A A A A A A: A A A A 
Salicin A A A A A 0 0 0 0 0 0 O · (A) A 0 
Sodium (A) (A) 0 (A) (A) 0 0 0 0 0 0 0 0 0 0 
acetate 
Sodium (A) (A) 0 A (A) O ·  0 0 0 0 0 0 (A) 0 0 
pyruvate 
Solub le A A A A A 0 0 0 0 0 0 A A A 0 
potato starch 
Sorbitol (A) 0 0 (A) (A) A A A 0 A 0 A A 0 0 
Sorbose  0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Sucros e  A A A A A 0 0 0 0 0 0 0 0 A 0 
Trehalose (A) (A) 0 0 (A) 0 0 0 0 0 0 0 A 0 0 
Xylose A A A A 0 0 0 0 0 0 0 A 0 A A 
A =  acid ; (A) = weakly acid ; 0 = no acid 
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Table 6 .  Antigenic Relationships of Re ference Organisms and 
Unknown Diphtheroids 
Soluble Antigens 
CJ) CJ) 
::J 
CJ} .µ {/) s s 
•r-1 · ::J •r-1 cu ::J ::J 
CJ •rl •r-1 "'O •r-1 CJ 
•r-1 •rl '"O ,-t •r-1 •r-1 {/) •r-1 
I 
'M 
·r-1 ,-t p I: 0 4-1 p ::J .µ 
,-t 0 0 ::J - 4-1 •r-1 0 rJ) •14 
CJ} .w •rl i-l 0 ,.0 ti) 0 H (/) 
•r-1 p U) CJ cu � CJ ::J <l) 0 
H > 0 0 (I) U) H •r-1 CJ} (I) p s 
0 '"O H cu •r-1 cu H •r-1 ,-t CJ (lJ 
Rabbit 
•r-1 ,.0 0 p '"O <l) > cu 
...j-
Antisera <I  < I  < I  < I  < I  < I  < I  < I  ol 
('V') ...j-
rz l  O J  o I 01  N N ,-t h israelii + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
A .  bovis  0 + 0 0 0 0 0 0 . o  0 0 0 0 0 0 0 
h odontolyticus 0 0 + 0 0 0 0 0 0 0 0 0 0 0 0 0 
A .  naeslundii 0 0 0 0 + 0 0 0 0 0 0 0 0 0 0 0 
A. disco foliatus 0 0 0 0 0 + 0 0 0 0 0 0 0 0 0 0 
f;.:__ Earabifidus 0 0 0 + 0 0 + 0 + 0 0 0 0 0 0 0 h eriksonii 0 0 0 0 0 0 0 + 0 0 0 0 0 0 0 0 
� viscosus 0 + + 0 0 0 0 0 + 0 0 0 0 0 0 0 
C .  acnes 0 0 0 + 0 + + 0 + 0 + 0 0 0 0 0 
£.:.. EYogenes 0 0 0 0 0 0 0 0 + 0 0 + 0 0 0 0 
£:... hemolyticum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
230 0 0 0 0 0 0 0 0 0 0 0 6 Q. + + + 
24 0 0 + 0 0 0 0 0 0 0 0 0 0 + + + 
144 0 0 0 0 0 0 0 0 0 0 0 0 0 + + + 
333 0 0 + · O 0 0 0 0 0 0 0 0 0 + + 0 
179 0 0 0 0 0 0 0 0 0 0 0 0 0 + + 0 
166 0 0 0 0 0 0 0 0 0 0 0 0 0 + + 0 
221 0 0 0 + 0 + + 0 + 0 + 0 0 0 0 0 
288 0 0 0 + 0 + + 0 + 0 + 0 0 0 0 0 
168 0 0 0 + 0 + + 0 + 0 + 0 0 0 0 0 
217 0 0 0 0 0 0 + 0 + 0 0 0 0 0 O '  0 
303 0 0 + 0 0 0 0 0 0 0 + 0 0 0 0 0 
327 0 0 0 0 0 0 0 0 0 0 0 · + 0 0 0 0 
279 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
130 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 97 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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Tab le 6 .  Cont inued 
So lub le Ant igens 
('Y") °' '° ,-I co co r---. ('Y") r- °' 
Rabbi t  ('Y") r---. '° N co '° ,-I 0 N r---. C'I") 
('Y") ,-I ,-1 . N N ,-I N ('Y") ('Y") N ,-I °' 
Ant i s era 
A .  israe l i i  0 0 0 0 0 0 0 0 0 0 0 0 
A .  bovis  0 0 0 0 0 0 0 0 0 0 0 0 
h odonto lyt icus 0 0 0 0 0 0 0 0 + 0 0 0 
h naes lund i i  0 0 0 0 0 0 0 0 0 0 0 0 
A .  d i s co fo l iatus 0 0 0 0 0 0 0 0 0 0 0 0 
!:_;_ Earab i f idus 0 0 0 + + + + 0 0 0 0 0 
h erikson i i  0 0 0 0 0 0 0 0 0 0 0 0 
0 .  viscosus 0 0 0 0 0 0 0 0 + 0 0 0 
C. acnes 0 0 0 + + + 0 0 0 0 0 + 
· f.:... pyo genes 0 - o 0 0 0 0 0 0 0 0 0 + 
� hemo lyt i cum 0 0 0 0 - 0 0 0 0 0 0 0 + 
2 30 + + + 0 0 0 0 0 0 0 0 0 
2L� + + + 0 0 0 0 0 0 0 0 0 
144 + + + 0 0 0 0 0 0 0 0 0 
333 + + + 0 0 0 0 0 0 0 0 0 
179  + + + 0 0 0 0 0 0 0 0 0 
166  + 0 + 0 0 0 0 0 0 0 0 0 
22 1 0 0 0 + + + 0 0 0 0 0 + 
288 0 0 0 + + + 0 0 - 0  0 0 + 
168 0 0 0 + + + 0 0 0 b 0 + 
2 1 7  0 0 0 0 0 + + 0 0 0 0 + 
303 0 0 0 0 0 + 0 + + 0 0 0 
327 0 · o  0 6 0 0 0 0 + 0 0 + 
2 7 9  0 0 0 0 0 0 0 0 0 + 0 + 
130 0 0 0 0 0 0 0 0 0 0 + 0 
9 7  0 0 0 0 0 0 0 0 0 0 0 + 
+ = prec ip itation reac t ion ,  0 = no prec ipi tat ion reac t i on 
Schubert et al ( 19 6 1 ) . The soluble antigen of each organism was 
tested against its homologous antiserum as a positive control . 
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Results of this study confirm Biever ' s  designation of a group 
(Group I) of these unknown diphtheroids as �- suis . Revisions in his 
grouping were made on the basis of more extensive serological d ata 
which included · reciprocal cross-precipitation reactions between 
selected members of the unknown -diphtheroids and antigen identity 
reactions . Figures 1 - 7  demonstrate some results of the double ­
diffusion precipitation reactions observed in this study. 
Isolates 24, 130, 144, 1 79 , 230, 327, and 333  were members of 
Biever ' s  Group I .  The d ata obtained in this investigation made it 
necessary to revise this group by removing isolates 327 and 130 
because they had no antigens in common with the other organisms in 
Group I .  Isolate 166 was added to this group because it shares a 
common precipitinogen with isolates 24, 1 79 , and 333 . 
The biochemical reactions and antigenic relationships of the 
A .  suis-like (Group I) organisms are listed in Tables 7 and 8. These 
organisms fermented many carbon sources with the production of acid, 
and the results generally were consistent with those reported by 
Grasser ( 1962 a). The �- suis-like organisms differ from those of 
Grasser by the variable fermentation of inulin, raffinose, trehalose, 
and xylose . 
Isolate 166 differed from the other isolates of the � - suis-like 
group as it did not ferment arabinose, lactose, ma� tose, salicin, 
soluble potato starch, sucrose, or
. _xy
lose.  Differences in 
. ·0 -0. . -. '. .� . -- ', . . -0 -· o--- ·--..;;\ o - - --. . I . 
A . · 1-i '-.. , o o .. � · \ . - >-
Figure 1. Double-diffusion Precipitation Reaction. Isolate 288 
Antigen (6) x Isolate 288 Antiserum (ab) 
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Figure 2.  Double-diffusion Precipitation Reaction. Odontomyces 
viscosus Antigen (4) and Corynebacterium · acnes Antigen 
(5) x Isolate 168 Antiserum (ab) 
Figure 3 .  Double-diffusion Precipitation Reaction. Isolate 168 
Antigen ( 1 ) x Isolate 2 17 Antiserum (ab) 
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Figure 4. Double-diffusion Precipitation Reaction. Isolate 24 
Antigen (1) and Isolate 2 30 Antigen (3) x Isolate 144 
Antiserum (ab) 
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0 0 ·\ 
t-·.•.: !Q' �- '.o· .  or .) ' t� . - . . '
·<�-. 0- - O··· / - · , 1�· '.·.r . .; ·- . _] 
'' -�. . · . .. > ·  
Figure 5 .  Double-diffusion Precipitation Reaction. Isolate 144 
Antigen (1), Isolate 24 Antigen (2), Isolate 17 9 
Antigen (3), Isolate 333 Antigen (4) , Isolate 230 
Antigen (5), and Isolate 166 Antigen (6) x Isolate 144 
Antiserum (ab) 
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· Figure 6 .  Double-d iffusion Prec ipitation Reaction. Isolate 221 
Antigen (1), Isolate 288 Antigen (2), and Isolate 168 
Antigen (3) x Isolate 221 Antiserum (ab) 
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Figure 7.  Double-diffusion Precipitation Reaction . Isolate 168 
Antigen (1), Isolate 221 Antigen (2), and Isolate 288 
Antigen (3) x Isolate 168 Antiserum (ab)· 
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Table 7.  Comparison of Biochemical Reactions of A.  suis- l ike 
Iso lates with A. suis 
Catal ase 
Nitratel 
Indo lel 
Methyl redl 
Voges-Proskauer l 
H2Sl 
02 requirements :
1 
Aerobic 
Aerobic + CO2 
Anaerobic 
Adonito l 
· Arabinose 
Dulcitol 
Galactose 
Glucose 
Glycerol 
Inulin 
Lactose 
Maltose 
Mannitol 
Raffinose 
Rhamnose 
Salicin 
Soluble potato 
starch 
Sorbitol 
Sucrose 
Trehalose 
Xylose 
230 24  
0 0 
0 0 
0 0 
+ 0 
0 0 
0 0 
2 2 
2 2 
2 2 
A A 
A A 
0 0 
A A 
A A 
A (A) 
(A) (A) 
A A 
A A 
0 (A) 
(A) (A) 
0 (A) 
A A 
A A 
(A) · 0 
A A 
(A) (A) 
A A 
144 
+ 
0 
0 
0 
0 
0 
1 
2 
2 
A 
A 
0 
A 
A 
(A) 
0 
(A) 
A 
A 
0 
0 
A 
A 
0 
A 
0 
A 
333  
0 
+ 
0 
+ 
0 
0 
2 
2 
2 
0 
A 
0 
(A) 
A 
(A) 
0 
(A) 
A 
(A) 
(A) 
0 
A 
A 
(A) 
A 
0 
A 
1 7 9  
0 
0 
0 
0 
0 
+ 
2 
2 
2 
A 
A 
0 
A 
A 
A 
0 
A 
A 
0 
0 
A 
A 
A 
(A) 
A 
(A) 
0 
166 
+ 
2 
2 
2 
A 
0 
0 
A 
A 
A 
0 
0 
0 
A 
0 
0 
0 
0 
A 
0 
0 
0 
A .  suis2 
1 
2 
2 
A (70%) 
A (90%) 
A (10%) 
A 
A 
A (70%) 
A 
A 
A 
A (50%) 
A 
A (50%) 
A 
A 
A (20%) 
A (90%) 
A 
A 
36 
A =  acid; · (A) = weakly acid; 0 = no reaction; + =  positive reaction; 
-- = no results available 
02 requirements are recorded as growth on so lid media fr
om O (no 
growth) to 4 (maximum growth) . 
1Results from a M .  S .  Thesis by Biever (1967) 
2Results from a publication by Grasser (1962a) 
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Table 8. Antigenic Relationships of !::_. suis-like Isolates with 
Reference Organisms and Unknown Diphtheroids 
Rabbit 
Antisera 
230 
24 
144 
333 
179 
166 
Soluble Antigens 
+ + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ + + + + + o o o o o o o o o b o + o o o o o o o o o o 
+ + + + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ + 0 + + + 0 0 0 0 0 0 0 0 0 0 0 + 0 0 0 0 0 0 0 0 0 0 
+ + 0 + + + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 + + 0 + 0 + 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
+ = precipitation reaction; 0 = no precipitation reaction 
fermentation reactions by strains of Actinomyces spp. have been 
reported by other investigators (Vawter, 1933; Erikson, 1940; 
Grasser, 1962a). It should be pointed out that isolate 166 was 
included in the A ·  suis-like group primarily on the basis of 
precipitation evidence. Perhaps isolate 166 should be either a 
subgroup of the A ·  suis-like group or a closely related species 
based on major biochemical and minor serological differences. 
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Grasser (1962b) reported that isolates of A. suis grew on serum 
agar plates in both the smooth and rough colonial forms. The 
cellular morphology of organisms from smooth colonies was generally 
uniform, Gram variable rods of medium length with branched forms 
occurring rarely. Pleomorphism was observed after subculturing 
but not to any great extent . The cell forms of the rough colonies 
consisted of long � V-shaped, Gram positive rods and threads . 
Pl�omorphic forms in older cultures were connnon with short, 
irregularly stained, coccoid forms seen. Biever ' s  (1967) description 
of the morphology of mature colonies and microcolonfes of the 
isolates which he designated A. suis was essentially the same as 
reported by Grasser . 
The antigenic relationships of the A. suis- iike organisms to 
the_ unknown diphtheroids and reference cultures are presented in 
Tables 6 and 8. It can be seen that the A·  suis-like group is 
antigenically distinct from the other unknown diphtheroids as no 
precipitation reactions occurred between the two groups . 
Upon close examination of the tabulated data, the following 
variations in the serological reactions of the !:_. suis-li�e group 
are noted � 
1 .  The soluble antigen of 144 did not form precipitation 
lines with the antisera of 333, 179, and 166. However, the 
antigens of 333, 179, and 166 formed precipitation lines with 
the antiserum of 1 44. 
2 .  The soluble antigen of 179 did not react with the 
antiserum of 166, but the antigen of 166 did react with the 
antiserum prepared against 179. 
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A possible explanation for these variations is that the soluble 
antigen concentrations of isolates 144 and 179 wer� too dilute to 
produce a visible precipitate with the antisera. However, the 
antigens of these two isolates did produce a precipitation line 
with their homologous antiserum. In all instances where precipita­
tion lines occurred in the reciprocal tests between the soluble 
antigens and antisera w�thin the !:_. suis-like group , lines of 
complete identity were observed (Figures 5,  6, 7). One can conclude, 
therefore, that the A .  suis-like group . has at least one common 
precipitinogen. 
There may be some antigenic relationship between the�- suis-like 
organisms and Actinomyces odontolyticus as the antisera against 
isolates 24 and 333 formed a precipitation line with the soluble 
antigen of A· odontolyticus. 
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Catalase reactions for the A .  suis-like organisms are listed in 
Table 7. Four of the isolates are catalase negative and two are 
catalase positive . This wil l  require further clarification . 
In this study., the organisms in Biever's Group III (168 , 221, 
288) were similar b iochemically and serologically (Tables 9 and 10) 
but differed -from his grouping in that they showed no antigenic 
relationsh ip to A. odontolyticus . The fermentation and catalase 
reactions of these isolates correspond closely w ith those of 
reference organism, � - parabifidus . The Group III isolates and the 
·reference organism both produced acid from adonitol , fructose , 
galactose , glucose , glycerol , mannose , and ribose . The most 
significant differences in results were that � - parabifidus produced 
acid from trehalose and gave negative indole and positive Voges­
Proskauer tests. 
These �- parabifidus-like organisms (Group III) are related 
serologically as cross reactions of identity occurred with all 
organisms within the group . Antisera against all the isolates also 
reacted with soluble antigens of isolate 97, � - propionicus , 
�- d iscofol iatus, A· parabifidus , Q. viscosus , and f. acnes . In 
addition ·to reacting with its homologous antigen , · antiserum of 
� - parabifidus reacted with soluble antigens of isolates 221 ,  288 , 
168 , 217, A· propionicus , and Q. viscosus but not with isolate 9 7  
or C. acnes. 
Antisera prepared against the �- parab ifidus-l ike organisms and 
c .  acnes gave the same precip itation reaction patterns w ith antigens 
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Table 9 .  Comparison of Biochemical Reactions of A. parabifidus-
like Organisms with A_. parabifidus 
2 2 1  288 168 A .  parabifidus 
Catalase + + + + 
Nitratel + + + + 
Indolel + + + 0 
Methyl redl + _ + + + 
Voges-Proskauerl 0 0 0 + 
02 requirements � l 
Aerobic 1 2 2 0 
Aerobic = CO2 2 2 2 2 
Anaerobic 3 2 3 3 
Adonitol A A A A 
Alpha-methyl 
d-glucoside 0 0 0 0 
Arabinose 0 0 0 0 
Cel lobiose 0 0 0 0 
Dextrin 0 0 0 0 
Dulcitol 0 0 0 0 
i-Erythritol 0 A A A 
Fructose A A A A 
Galactose A A A A 
· Glucose A A A A 
Glycerol A A A A 
Glycogen 0 0 0 0 
i-Inositol 0 0 0 0 
Inulin 0 0 0 0 
Lactic acid 0 0 0 0 
Lactose 
Maltose 
Mannitol 
Mannose 
Melibiose 
Melizitose 
Raffinose 
Rhamnose 
Ribose 
Salicin 
Sodium acetate 
Sodium pyruvate 
Soluble potato starch 
Sorbitol 
Sorbose 
Sucrose 
Trehalose 
Xylose 
Table 9. Continued 
221 
0 
0 
A-
A 
0 
0 
0 
0 
A 
0 
0 
0 
0 
A 
0 
0 
0 
0 
288  
0 
0 
0 
A 
0 
0 
0 
0 
A 
0 
0 
0 
0 
A 
0 
0 
0 
0 
168 
0 
0 
A 
A 
0 
0 
0 
0 
A 
0 
0 
0 
0 
0 
0 
0 
0 
0 
A. parabifidus 
0 
0 
A 
A 
0 
0 
0 
0 
A 
0 
0 
0 
0 
A 
0 
0 
A 
0 
A =  acid; (A) = weakly acid; 0 = no reaction; + =  positive reaction 
Oz requirements are recorded as growth on solid media from O (no 
growth) to 4 (maxirnum _growth). 
lResults from a M. s ;  Thesis by Biever (1967) 
Tab le  10. Antigenic Re lationships of the h:_ .  parabifidus- like 
Organisms with Reference Organisms and Unknown 
Diphtheroids 
Soluble Antigens 
(/J en 
:::, s CJ v) .w (/J 
•.-4 :::, ·.-4 ctl :::, :::, .w CJ •.-4 •.-4 ro ·.-4 CJ 
•.-4 •.-4 ro ,-I ·rl ·rl en ·.-4 
•r-1 ,-I � � 0 4-1 p :::, .w 
,-I 0 0 :::, 4-1 •.-4 0 (/J ·.-4 
Q) (/J .w •.-4 ,-I 0 ..a (/) 0 H en m ·r-4 p (/) CJ C1j � CJ :::, Q) 
H :> 0 0 (!) (/) H ·.-4 en a> p 
(/J 0 ro H ctl •rl C1j H •r-1 ,-I CJ 
•.-4 ..a 0 P ro  Q) :> ctl 
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s 
:::, 
r Q) .w p Q) ,-I 0 0 S Q) ..c:
Rabbit 
Antisera 
0 ..j ('l") O'\ \D .-I CO CO t--- ('l") t--- 0'\ 0  
('l") ..j ..j ('l") t--- \D N C0 \0 .-I O N t--- ('l") t--- • • • • • • • • • • • • • 
N N .-1 ('I") .-1 .-1 N N .-1 N ('I") ('l") N  .-1 °" �l �l �l �l �l �l � l � lo l � l u l u l ul 
221 
288 
168 
o o · o 
0 0 0 
0 0 0 
0 0 
0 0 
0 0 
0 + + + o  0 0 0 0 + 0 
0 + + + o  0 0 0 0 + 0 
0 + + + 0 0 0 0 0 + o  
0 0 + 0 + +  0 + 0 + 0 0 
0 0 + 0 + +  0 + 0 + 0 0 
0 0 + 0 + +  0 + 0 + 0 0 
A .  parabif- O O O O O O + + + + 0 0 0 0 0 0 0 0 + 0 0 + 0 + 0 0 0 0 
idus 
+ = precipitation reaction ; 0 = no precipitation reaction 
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o f  the unknown diphtheroids and reference organisms (Table 6) thus 
demonstrating a serological relationship . However, the fermentation 
reactions o f  C. acnes (Table 4) show no resemblance to those o f  the 
A. parabifidus-like group . There fore, the taxonomic relationship 
o f f. acnes to A· parabifidus should be investigated further using 
cell wall analysis and DNA base ratio techniques . 
The taxonomic position of C. acnes is currently very unsettled. 
Douglas and Gunter (1946 ) recommended that f.. acnes be classified as 
a member o f  the genus Propionibacteriurn whereas other investigators 
( Smith and Bodily, 1968 ; Zierdt et al, 1968) concluded that it 
should remain in the genus Corynebacterium . The fermentation end 
products produced by C. acnes and Propionibacterium spp. (Moore and 
Cato, 196 3 )  were very similar giving support to Douglas and Gunter ' s  
recommendation . Moore and Cato (1963 )  also found that . .£. acnes and 
Propionibacterium spp. possessed common precipitating antigens. 
It was shown in Table 6 that Actinomyces propionicus, an organism 
which is to be placed i� · the genus. Propionibacterium (Robertstad, 
1968) has a common precipitating antigen with .£. acnes. This supports 
Douglas and Gunter ' s  (1946 ) proposal that C. acnes should be included 
in the genus· Propionibacterium , 
Parts of  Biever ' s  Groups I (130, 327) and V (9 7) and all o f  his 
Group IV (2 17, 279, 303) could not be grouped from data (Tables 3-6) 
o f  biochemical and serological tests and there fore remain at present 
unidentified . No cross precipitation reactions were found with these 
ungrouped organisms and the A. suis - like group. Antisera of  ungrouped 
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isolates 217 and 303 formed precip itation lines with the antigen of 
one member (168) of  the A .  parabifidus-like group. Random precipi­
tation reactions within the ungrouped organisms occurred, but no 
logical patterns for gro�ping were observed. Isolate 303 possessed 
a corrnnon antigen with 168 and 327 and antisera against 327 and 27 9 
formed a precip itation line with the soluble antigen qf isolate 9 7 . 
Antisera to isolates 9 7  and 13D reacted only with the ir hornolgous 
antigen. 
CONCLUSIONS 
1. Isolates 230, 24, 144, 333, 1 7 9, and 166 were identified 
as Actinomyces suis from morphological, biochemical, and 
serological data. 
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2. Isolates 168, 221, and 288 were identified as Actinomyces 
parabifidus from biochemical and serological - data. 
3. Isolates 27 9, 303, 9 7 ,  327, 130, and 217  were not able 
to be identified and wil l _ require further study. 
4. The relationship of Corynebacterium acnes and A. 
parab ifidus should be investigat�d further. 
5. Additional studies using cel l wall analyses, fermentation 
end product analyses, and DNA base ratios and homologies 
should be done with these diphtheroids to substantiate 
our findings. 
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